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Introduction: A critical issue and concern that has been documented in dentistry is the 
complexity of bonding to dentin, a fact that has been referred to as a less reliable 
technique due to the intrinsic characteristics of the dentin substrate. Effectiveness on 
dentin bonding is a clinical important approach for indirect bonded restorations in order 
to achieve a good adhesion that can surpass the test of time. Long-term clinical trials 
have shown that indirect bonded restorations have an increased risk of failure when 
using dentin as the major substrate. Consequently, an effort should be made to improve 
techniques and materials utilized in dentin bonding to make restorations more 
predictable and durable. Among these efforts, Immediate Dentin Sealing (IDS) a 
concept introduced in the late nineties-had demonstrated outstanding in vitro outcomes 
when tested on dentin in the field of adhesive dentistry. Even though there is moderate 
evidence in support of the utilization of IDS over the conventional (DDS) approach, few 
studies have really emphasized on the correct utilization of IDS on indirect bonded 
restorations. The purpose of this study was to evaluate and compare the microtensile 
 ix 
bond strength of coronal dentin following the application of two different techniques (IDS 
versus conventional) and two different dentin bonding systems (4th and 5th generation), 
when using indirect bonded restorations. Methods: After Institutional Review Board 
(IRB) approval, extracted sound human third molars were collected. Occlusal dentinal 
area was used for testing. Specimens were divided into 4 groups (n=20). Group 1: IDS 
using a 4th generation dentin bonding system (DBS); Group 2: IDS using a 5th 
generation DBS; Group 3: Conventional (DDS) using a 4th generation DBS; and Group 
4: DDS using a 5th generation DBS. All specimens were restored using a light-cure 
indirect micro ceramic/composite restorative material and stored on moist environment 
for 24 hours before testing. Each tooth was sectioned perpendicular to the bonding 
interface 1 x 1 x 10 mm beams. Specimens were subjected to microtensile bond 
strength test (µTBS). Statistical analysis was done using ANOVA comparing technique 
and bonding system. Results: For bonding techniques, the conventional technique 
exhibited lower strength than IDS, this difference being statistically significant (p = 
0.0100). When bonding systems were compared 4th generation (Optibond FL) and 5th 
generation (Optibond Solo Plus), the higher mean was found with the 5th generation 
which was statistically significant (p =0.0121). In the conventional group when 4th 
generation and 5th generation are compared, the bond strength in the 5th generation 
was higher with this difference being statistically significant (p = 0.0024). In the IDS 
group, the bond strength was higher again in the 5th generation, however this difference 
was not statistically significant (p = 0.18). The results of two-way ANOVA for bonding 
system and technique, and interaction showed significant main effect for technique (p = 
0.007) and dentin bonding system (p = 0.010). No significant interaction effect was 
found for dentin bonding system by technique (p = 0.797). Conclusions: The 
 x 
immediate dentin sealing IDS performed better than the conventional. The 5th 
generation bonding system performed better than the 4th generation bonding system. 
Restorative approach or technique immediate dentin sealing IDS versus conventional 
will increase significantly the bond strength of the dentin to indirect composite 
restorations of the tested adhesive systems. 
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Chapter 1: Introduction__________________________________________________ 
 
1.1 Adhesive Dentistry: An Overview 
 
 Over the last several decades, adhesive dentistry have evolved through 
innovations in dentin bonding systems, restorative materials, and its related protocols.1,2 
Indeed, the prophetization of altering the enamel surface by acids and the subsequent 
application of this new bonding technique 3,4,21 by Dr. Buonocore circa 1950’s have 
become a reality nowadays. Indirect bonded restorations offer a better esthetic 
alternative to the gold or porcelain-fused-to-metal restorations, which were recognized 
as the gold standard for direct and indirect restorations. 
 The significance of having an adequate adhesion in dentistry allows clinicians to 
add a plethora of new esthetic materials to their armamentarium in a rapid rate.5 
Furthermore, it also permits a more conservative restorative approach in comparison 
when using non-adhesive restorations.6  
 Adhesive dentistry aims to achieve the most intimate adaptation between the 
restorative material and the dental substrate.7 Clinical and in vitro evidence have shown 
that adhesion between restorative materials and enamel is routinely considered a 
reliable and predictable aspect of modern restorative dentistry.1,6 Conversely, bonding 
to dentin is challenging7,8 due to its variable composition8 and particular histologic 
structure.1,8,9 Specifically, the composition of the human dentin is approximately 45-50% 
inorganic material1,10 and 20-30% organic material10 which is largely composed of 
collagen type I.7,8 In the organic matrix, collagen accounts for 90% while the 10% is 
composed of nonproteinaceous components,3,7 lipids8 and four groups of 
noncollagenous proteins such as phospoprotein and proteoglycans between others.2,7 
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As it was stated before bonding to dentin is a challenge.7,8 Futhermore, it has 
been proposed that degradation of collagen ultrastructure within the dentin weakens the 
bond strength in the adhesive-dentin bonds.11,12 Enamel and dentin-during direct 
restorative procedures using contemporary adhesive systems-are etched prior to or 
concomitant to the application of a primer/adhesive solution that penetrate into the 
collagen network, forming a hybrid layer in situ that is crucial for an effective dentin 
bonding.13 Hybrid layer-a concept introduced by Nakabayashi and colleagues in the 
1980s1 is referred as the replacement of minerals removed from the hard dental tissue 
by resin monomers; which upon setting, alters micro-mechanically interlocked in the 
produced dentin porosities.1,13 Thus, bonding is created by the impregnation of resin 
monomers into the dentin substrate, the stability of the dentin-adhesive bonds relies on 
the creation of a compact and homogenous hybrid layer.13  
The effectiveness of bonding to dentin is precluded by a correct elimination of the 
smear layer.2 Such process was based on the initial findings by Fusayama1,14 and the 
extensive work done by Pashley15,16 who concluded that resins only reach dentinal 
tubules as well as intertubular dentin when the smear layer has been removed by the 
acid-etching or when they are able to diffuse through the smear layer. Total or partial 
remotion of the smear layer was achieved by using total-etch dentin bonding systems 
(4th and 5th generation dentin bonding systems); The total-etch bonding systems, which 
is composed by the three-step or 4th generation (acid, primer and adhesive separated) 
and the two-step or 5th generation (acid+primer and adhesive), 1 follows the application 
of an acidic solution on the dentinal substrate and rinsed off, followed by a priming 
phase and application of the adhesive resin.17 This process commonly known as the 
three-step procedure, creates an effective moistening of the exposed collagen fibrils 
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due to shifting any residual surface moisture, changing a hydrophilic into a hydrophobic 
surface condition and carrying monomers into the inter fibrillar network to with the 
intention to create a micromechanical interaction.18 Even though the smear layer was 
considered a limiting factor in achieving acceptable bond strengths with earlier bonding 
systems, nowadays can be regarded as  legitimate bonding substrates.16 Recent 
developments on adhesive dentistry have generated the creation of the so-called self-
etch dentin bonding systems (6th generation of dentin bonding systems) condition and 
prime dentin simultaneously.17 This self-etch approach was introduced on demand for a 
simplified, user friendly, and less technique-sensitive dentin bonding system.17,1  Since 
this self-etch/self-prime solution is not rinsed from the dentinal surface, the 
demineralized smear layer is incorporated in the hybrid layer.16,19 
 The 4th generation dentin bonding system is considered the gold standard in 
adhesive dentistry due to its proven clinical success as well as its adequate behavior on 
the laboratory setting. Subsequently, the 5h generation dentin bonding system got 
attention due to a simplification on the adhesive protocol. Although the 4th and 5th 
generation dentin bonding system (Optibond FL and Optibond Solo Plus, respectively) 
proposed on this project have been extensively utilized on the clinical and laboratory 
trials, the aim of the present project distant from other studies. Additionally, there is a 
limited evidence on the use and comparison of the IDS and conventional techniques on 
indirect bonded restorations, when used in conjunction with a 4th and 5th generation 
dentin bonding system on sound dentin.  
The clinical success of an indirect bonded restoration is directly related with the 
adequate dentin-adhesive bonds achieved at the interface. Tooth preparation for 
indirect bonded restorations (eg, composite/ceramic inlays, onlays, and veneers) can 
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generate significant areas of dentin exposures. It is recommended to seal these freshly 
cut sound dentin surfaces with a dentin bonding agent (DBA) immediately following 
tooth preparation, before taking impression. A three-step total-etch DBA with a filled 
adhesive resin is recommended for this specific purpose.  
 
1.2 Enamel and Dentin Substrate 
Human dentin is a complex tissue20, composed of apatite crystal fillers in a 
collagen matrix21 and by odontoblasts; in conjunction, it can be considered the majority 
of what constitutes the body of the tooth.9 Dentin composition is approximately 70 w% 
inorganic material, 18 w% organic material (which is largely composed of collagen type 
I22) and 12 w% of water.23,9  In the organic matrix, collagen accounts for 90%9,24 while 
10% is composed of nonproteinaceous components,25 lipids,26 and four groups of 
noncollagenous proteins such as phosphoprotein and proteoglycans, between 
others.27,28 
As dentin is formed by odontoblasts, the space is provided by the elongating 
process of the odontoblast that moves pulp ward from the dentinoenamel (DEJ) 
junction.1 The dentinal tubules normally extend into the forming enamel matrix, they 
have irregular walls with microchannels that are connected to neighboring tubules.9 The 
main body of the dentin is located between or around the dentinal tubules and is 
referred as the intertubular dentin. The intertubular dentin is less calcified and changes 
little throughout life. Equally important, the intratubular or peritubular dentin surrounds 
the dentinal tubules except near to the pulp; such tissue is characterized for being a 
hypermineralized and collagen-poor substrate.29  
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The relative area of dentin occupied by tubules decreases as they diverge from 
the pulp.1 The amount of tubules decreases from about 45.000 per mm2 at the pulp to 
about 20,000 per mm2 at the level of the DEJ in human sound coronal dentin.1 Pashley9 
calculated that dentinal tubules occupy approximately 22% of the cross-sectional area 
near the pulp and only 1% at the area proximal to the enamel; similar values were found 
by Heymann and Bayne30 28% and 4% respectively. Regarding the diameter of the 
dentinal tubules is about 0.8 µm at the dentin-enamel junction (DEJ) and 2.5 µm near 
the pulp.31 Intertubular area close to predentin corresponds to 12% and near the DEJ 
96%, meaning that peritubular dentin decreases from about 60% to 2.9% at the DEJ.31 
The permeability of the intertubular dentin provides a major function in adhesion at the 
level of the superficial dentin, on the contrary the intratubular dentin plays a bigger role 
when in proximity to the pulp.32 As a consequence, the type of dentin and its 
permeability are crucial in achieving an adequate bond.  
The odontoblastic process is located in the deepest portion of the total dentinal 
tubule length (apical 1/3), where the tubules are filled with tissue fluid or dentinal fluid; 
hence, the dentin substrate could be considered an intrinsically wet tissue.9,2 Dentinal 
fluid in the tubules is under a slight, but constant, outward pressure from the pulp, 
estimated to be about 25-30 mm Hg (or 34-40 cm H2O).1,8 The presence of fluid inside 
the dentinal tubules provide the dentin with a sensory mechanism in which 
hydrodynamics of dentinal and pulpal fluids are correlated; such definition was 
proposed by Dr. Brannstrom on 1986 as the “Hydrodynamic Theory”.33 Clinically, in 
cases where the dentin substrate has been violated by exogenous factors such as 
caries, abrasion, erosion or the presence of a rotary instrument, the dentinal fluid moves 
inside the dentinal tubules elucidating sensitivity and pain.34,35 The rapid fluid shifts, in 
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either direction, result in the activation of sensory nerves in the inner dentinal region of 
the tooth; essentially, the stimuli create a pressure change across the dentin that can 
excite individual intradental nerves.36,37 
 
1.3 Dentin Adhesion  
The concept of dentin bonding refers to the intimate adaptation of the restorative 
material with the dental substrate, by a process of micromechanical coupling or union 
by means of an intermediary adhesive resin layer.6,38  
During the restorative procedures, tooth preparation with rotary instruments and 
the pre-bonding treatment of the dentinal surface, create an area of residual 
components that form a 0.5-5.0µm thickness layer of hydroxyapatite, altered denatured 
collagen and debris called “smear layer”.6,15 The presence and composition of the 
smear layer is considered one of the most important aspects in bond strength when 
using dentin as a substrate. Additionally, the smear layer affects the relationship 
between the dentin bonding system and the underlying dentin since it acts as a 
‘diffusion barrier’ that reduces the permeability of the dentin.6,13,15,16 When the smear 
layer is left intact, there is a reduction on the permeability of the dentin substrate by 
occluding the tubules with several smear plugs, blocking the entry of resin into the 
tubules.16,32 Namely, in vitro evidence has shown a considerable reduction on the total 
dentinal surface resistance of the up to 86% when smear layer was present.14,38 
Nonetheless, the latter consensus stated that the amount of bond strength can be 
doubled by the application of an acid solution on the dentinal surface prior to the 
application of the dentin bonding systems.39,40  
Nakabayashi12 first described the concept of ‘hybrid layer’ as the interface 
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between the dentin bonding system and dentin; an area where the bonding system 
micromechanically interlocks with dentinal collagen and the mineral component is 
supplanted by resin monomers.6 Throughout the mentioned process, the monomers 
combine with collagen fibers resulting in a hybrid structure of artificial and biological 
polymers. The hybrid layer formation or resin-dentin interdiffusion zone is recognized as 
the major mechanism of bonding.7,16  
It seems that a correct removal of the smear layer in conjunction with a good 
wetting of the dentinal substrate, as well as an adequate penetration, dispersion, and 
final polymerization of the resin components on the bonding system, are vital factors in 
order to obtain an optimal adhesion.41,42 
 
1.4 Procedures for Indirect Bonded Restorations  
1.4.1 Classical Approach/Delayed Dentin Sealing (DDS) 
In the classical approach, the exposure of dentin to the bonding material is not 
taken into account; where the dentin bonding agent (DBA) is applied only at the last 
treatment stage when proceeding to lute the restoration. In this technique or protocol, 
DBA has to be initially left uncured to allow for complete seating of the restoration. At 
the same time the indirect restoration needs to be load it with the luting cement and 
then seat it in a correct insertion of the restoration. Once the restoration is placed on the 
tooth before restored and depending on the type of cement used you can either light-
cure it or self-cure and the excess needs to be removed.43,44,45,46,47,48  
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1.4.2 Immediate Dentin Sealing (IDS) 
Recently, a new technique was developed in order to optimize the dentin bonding 
agent application (DBA) called immediate dentin sealing (IDS). Such technique is based 
on the concept that dentin bonding agent appears to have a superior potential for 
adhesion when it is precured and applied to freshly prepared dentin. Its application is 
recommended immediately after completion of the tooth preparation, before the final 
impression. The dentin bonding agent seems to have a higher ability for adhesion when 
it is precured49 and when applied to recent prepared dentin. The following practical and 
clinical facts account for the use of IDS:  
• Patient comfort. Patients can improve comfort during provisionalization, limited 
need for anesthesia during definitive insertion of the restorations, and reduction of 
postoperative sensitivity.  
• Tooth structure preservation. When used of full-crown coverage preparations 
combined with modified-resin cements, IDS can result in significantly increased 
retention. IDS could constitute a useful mechanism for improving retention when dealing 
with short clinical crowns and excessively tapered preparations.  
• Systematic use of dentin bonding agent. When using IDS, due to the direct and 
immediate curing mode, light-activated DBAs can be used. Avoiding IDS, the use of 
dual-cure DBA to ensure complete curing through the restoration might be required. The 
knowledge data about dual-cure resins is limited, therefore, they should not be the first 
choice as a luting material. Formulation of dual-cure materials is known to represent a 
balance between high levels of polymerization in all aspects of the restoration and color 
instability owing to amine degradation. Therefore, either the mechanical characteristics 
or esthetic properties might be compromised.  
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• Separate conditioning of enamel and dentin. In the way that IDS is performed 
primarily on exposed dentin surfaces, the operator can focus on the “wet bonding” to 
dentin, whereas enamel conditioning can be performed separately at the stage of final 
restoration placement. 
Adhesion of the luting cement to the preexisting adhesive layer must be 
promoted by surface cleaning prior to luting in order to remove remnants of provisional 
cements that may cause a significant decrease in the bond strength of the luting 
agent.43,50 
Successful dentin bonding is particularly strong in the case of indirect bonded 
porcelain restorations such as inlays, onlays, and veneers due to the final strength of 
the tooth restoration complex, which is highly dependant on adhesive approach. Long 
term clinical trials by Dumfahrt and by Friedman showed that porcelain veneers partially 
bonded to dentin have an increased risk of failure. Contemporary advances in the 
evidence database for dentin bonding agent DBA application recommend that these 
failures can likely be prevented by changing the application procedure of the DBA. 
Indeed, there are basic concepts to be respected during the clinical approach of dentin-
resin hybridization, the most important of which are related to problems of dentin 
contamination and susceptibility of the hybrid layer to collapse until it is polymerized.   
These elements when considered within the assemble of indirect bonded 
restorations lead to the conclusion that dentin could be sealed immediately after tooth 
preparation, the immediate dentin sealing (IDS), prior to impression taking.47,51,52,53 
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1.5 Dentin Bonding Systems  
Dentin bonding systems have being classified by different methods. The most 
popular is the classifications based on the interaction with the smear layer; accordingly 
they could be classified as a) etch-and-rinse (also call total etch) which aims to remove 
the smear layer and superficial hydroxiapatite through etching with a separate acid gel; 
and b) self-etch approach that aims maintaining the pre-formed smear layer or make the 
smear layer permeable without removing it completely.54,55 Additionally, another 
classification of the dentin bonding systems is related with the number of steps involved: 
three-step, two-step, or one-step (all-in-one). The most important characteristic of the 
etch-and-rinse dentin bonding systems is the remotion of the smear layer. By the use of 
acid-etching (usually phosphoric acid in concentrations of 30, 38 or 40%) the smear 
layer can be removed, exposing the intertubular and then intratubular dentin, increasing 
the dentin permeability, allowing resin infiltration into the partially demineralized dentin 
surface.54 
For the three-step dentin bonding system, a primer is used to promote the 
wetting of the adhesive onto the dentin surface, followed by the application of a bonding 
resin.55 Etch-and-rinse two-step, it’s a simplified system that combines both primer and 
bonding into a single solution. The main components of the primer is a monomer 
dissolved in solvents such as acetone, ethanol and water. The solvent allows 
penetration of resin monomers into the collagen fibers.6,7 This bonding agent displace 
all remaining surface moisture through the evaporation of the primer solvent, resulting in 
the effective infiltration of the collagen network, creating a close contact with the tissue 
substrate, subsequently it polymerizes generating the bonding.55 Three-step etch-and-
rinse bonding systems remain the gold standard in restorative dentistry due to its 
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durability, capability to reduce postoperative sensitivity, and its influence on improving 
the marginal fit.55,56 
The self-etch or non rinsing dentin bonding systems do not require a separate 
acid-etch step as they condition and prime enamel and dentin simultaneously by 
infiltrating and partially dissolving the smear layer in order to generate a hybrid zone 
that incorporates minerals and the smear layer. The first generations of self-etch non 
rinsing bonding systems were composed of two solutions, an acidic primer and a 
bonding resin. The second generation of self-etch bonding systems have shifted to one-
step self-etch systems (also named all-in-one adhesives) due to attempt of the 
manufacturers to incorporate all the primary components of a bonding system (etchant, 
primer, and bonding resin) into a single solution.6,17 
In a clinical study conducted by Peumans and colleagues, with the aim to 
evaluate if a composite resin has the potential to improve the longevity of composite 
resin restorations in non-carious cervical lesion when using two different types of 
bonding systems. Teeth were randomly assigned for treatment with either of two three -
steps- etch and rinse bonding systems. A total of seventy-one patients were enrolled in 
the study, 142 carious lesions were restored. After 7 years, 112 of the original lesions 
were available for recall with a rate of 80.3 percent recall rate. The 7 year retention 
rates were of 94 % for the three-step, whereas the two-step bonding system obtained 
an average between 87-92 %. The performance of both bonding systems was not 
statistically significant different.56 
In another study conducted by Ritter, the authors placed a total of 99 class V 
restoration using two different dentin bonding systems in order to analyze the 
performance of two etch-and-rinse two-step bonding systems (OptiBond Solo, SDS 
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Kerr; and Prime & Bond 2.1, Dentsply Caulk). Thirty-three patients received ninety-nine 
restorations. Restorations were evaluated following modified U.S. Public Health Service 
(USPHS) criteria at baseline, 6 months, 18 months, 36 months and eight years after 
restoration placement. At the eight year interval, 56 restorations were evaluated. It was 
found that the retention rate was 69 percent for three-step and 59 percent for the two-
step bonding system. The performance of both bonding systems was accounted as 
good after eight years.57  
 
1.6 in vitro Studies 
Dentin bonding systems are the center of attention of restorative dentistry; as 
such they are claimed to be products in constant evolution; however clinical evidence 
does show that new does not always mean better.58 The efficacy of dentin adhesive 
systems has been expressed through in vitro and clinical studies. Lower values in 
relation to dentin failures may thus be misleading, and there may be a problem inherent 
in the particular testing methodology.40,58 The discrepancy on methodologies and results 
among studies in conjunction with the lack of consensus in determining the gold 
standard to test dentinal bond strength has supported the introduction of new 
methodologies such as the microtensile bond strength test.9 The microtensile bond 
strength test was developed by Sano in 1994 and has various advantages over 
macrotensile tests such as a better stress distribution at the bonding area, improving the 
correlation of data from central and marginal dentin, besides the ability for collection of 
multiple microspecimens from different teeth.59-60  
 
 13 
Microtensile bond strength studies have been done over the last two decades 
with promising results in understanding the basic behavior of the participant materials.9 
Of course is recognized that the utmost method to evaluate the effectiveness of a dentin 
bonding is the well-designed randomized clinical trial with moderate to long follow-ups.54 
Nevertheless, laboratory tests are imperative as screening tests to assess the adhesive 
products and test situations.61 The bond strengths can be calculated by using distinct 
types of tests like micro-test set-ups, related to the bond area to be tested. Also, macro-
bond strengths can be measured with some other methods such push-out, shear and 
tensile, as well.40 
 
1.7 Purpose 
Although similar studies have sought to evaluate the technique called Immediate 
Dentine Sealing (IDS) applied to indirect porcelain restorations, this study will evaluate 
IDS µTBS when utilized in indirect composite restorations. 
Additionally, this study differs from others because the selected adhesives (etch-and-
rinse) have not yet been used on µTBS studies of indirect composite studies.  
 The purpose of this study was to compare the dentin microtensile bond strength 
(µTBS) of indirect composite restorations after cementation with two different 
techniques [Immediate Dentin Sealing (IDS) versus Delayed Dentin Sealing (DDS)] and 
two different adhesive systems (two steps versus three steps).  
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Chapter 2: Specific Aims and Hypotheses__________________________________ 
 
 
2.1 Specific Aims 
 
 1. To compare µTBS values of two different dentin treatment techniques used for   
indirect composite restoration cementation, namely Immediate Dentin Sealing (IDS) and 
conventional.       
 2. To evaluate the µTBS values of indirect composite restoration to dentin     
when using two different dentin bonding systems (4th and 5th generation). 
 
2.2 Hypotheses 
 
 I. There is no difference in the µTBS values between different dentin treatments 
techniques used for indirect composite restoration cementation, namely Immediate 
Dentin Sealing (IDS) and conventional.       
 
 II. There is no difference in the µTBS values of indirect composite restoration to dentin 
when using two different dentin bonding systems (4th and 5th generation). 
 
2.3 Location of Study 
The design, preparation, data collection and data analysis of the study took place 
 at: 
  Bioscience Research Center, Room 7356 
  Nova Southeastern University 
  College of Dental Medicine 
  3200 South University Drive 
  Fort Lauderdale, Florida 33328 
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Chapter 3: Materials and Methods                                                                                                                     
3.1 Sample Preparation 
3.1.1 Selection  
After approval from the institutional review board (IRB) at Nova Southeastern 
University, forty teeth were obtained from a bank of teeth at the different clinics at Nova 
Southeastern University and from a private dental office located at the city of Hialeah, 
Florida. Teeth were non-carious third molars from subjects 18-25 years old. 
3.1.2 Sample Size 
The G Power software sample was used to calculate the sample size. A power 
analysis was conducted using data from Magne et al. Based on sample size calculation 
it was determined that the repletion for each study group will be ten samples. Given an 
effect size of .56, power of 80%, alpha = 0.05 you would need 10 teeth per group. After 
conducting the calculation the total sample size of each group was determined as ten. 
3.1.3 Storage 
Selected teeth will be stored for one month or less after extraction in 0.5% 
chloramine-T62,63 solution at 4oC.64  
3.1.4 Preparation of Specimens  
All procedures were performed by a single operator (BZ) after a training session 
in order to achieve adequate handling of materials and procedures. Occlusal enamel 
and dentin were removed horizontally (perpendicular to the long axis of the tooth) 
mesio-distally, using 320 grit water-cooled diamond-impregnated disc (Buehler Ltd, 
 16 
Lake Bluff, IL, USA) in order to remove the occlusal enamel and superficial dentin, 
exposing a flat surface of middle deep sound dentin.12 Flattening of the occlusal surface 
by removal of the cusps allows accurate sectioning of samples in beam shape.65 
Specimens that showed visible pulp exposure were excluded from the study. The entire 
dentin surface of every specimen will be ground flat with a 600-grit SiC paper (Buehler 
Isomet, Buehlet Ltd, Lake Bluff, IL, USA) under running water.18 The teeth were partially 
embedded in metallic hex nuts, size 5/8 - 11, using chemically activated orthodontic 
resin (Dentsply Caulk, Milford, DE), leaving their crown exposed in order to evaluate 
µTBS of indirect resin composite restoration-adhesive-dentin interface. This procedure 
was done to facilitate further procedures for specimen fixation and sectioning.  
3.2 Occlusal Surface Preparation 
Occlusal surfaces were mechanically cut using a low-speed diamond disc 
(Isomet Diamond Micro-Slicing Saw (Buehler, Lake Bluff, IL). under water-cooling, so 
the superficial dentin (approximately 2-3 mm below the dentin-enamel junction) was 
exposed (Figure 1 and Figure 2). Dentin surfaces exposed were consecutively polished 
using 600-grit sandpaper (Buehler, Lake Bluff, IL) for 30 seconds, providing an even 
and a standardized smear layer formation.  
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Figure 1. Cutting Of The Occlusal                        Figure 2.Superficial Dentin Exp 
Surface                                                                    (Denting Exposure) 
 
3.3 Indirect Bonded Restoration  
For specimens, all groups utilized a resin composite from Gradia (GC Dental 
Products Corp. Kasugai, Aichi, Japan). which was used to form resin composite build-
ups. Two layers or increments of 3 millimeters thickness were placed resulting in 6 
millimeters resin composite build up. The build up of the restoration was done in the 
following order: first layer increment or foundation was light cured for 10 seconds using 
the GC Steplight SL-I. Then the second layer increment light cured for 30 seconds with 
the GC Labolight LV-III. (GC Dental Products Corp) (Figures 3 and Figure 4).  
 
 18 
 
Figure 3. StepLight SL-1® (GC America)   Figure 4. Final Specimen Restoration 
pre curing after last increment  
placement (10 seconds) 
 
3.4 Groups Distribution 
 The experimental groups are presented in figures 5 and 6 showing the respective 
groups and variables used in this study (Figure 5). Based on the technique and 
adhesive system, study groups were generated  (Figure 6). 
 
 
 
 
 
 
 
 
 
Figure 5. Illustration of Respective Groups and Variables Used in This Study 
(Study Groups) 
Indirect 
composite 
restorations 
Dentin 
Bonding 
Technique 
IDS  Conventional 
Adhesive 
System 
4th Generation 5th Generation 
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Figure 6. Diagram illustrating the Four Groups Generated According to the 
Variables Presented in Figure 5 
 
 
 Specimens were randomly divided into 4 experimental groups according to the 
adhesive system and the technique of restoration protocol used: 
 
G1:  
Immediate dentin sealing (IDS) + 4th generation (Optibond FL) + Indirect 
Composite Restoration Cementation (Figure 14).  
Procedure: 
Step 1: Etch with 38% phosphoric acid gel (blue) (PULPDENT, Watertown, MA) 
for 15 seconds (Figure 7).  
• IDS + 4th Generation (Optibond 
FL) +  Indirect Composite 
Restoration Cementation  
Group 1  
• IDS + 5th Generation (Optibond 
Solo Plus) + Indirect Composite 
Restoration Cementation     
Group 2  
• Conventional + 4th Generation 
(Optibond FL) ) + Indirect 
Composite Restoration 
Cementation     
Group 3  
• Conventional + 5th Generation 
(Optibond Solo Plus) + Indirect 
Composite Restoration 
Cementation     
Group 4  
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Step 2: Rinsed of specimens with tap water for 15 seconds and air drying for 5 
seconds, leaving a moist surface. 
Step 3: Application of Primer for 15 seconds and gently air-dried for 5 seconds 
(Figure 8).  
Step 4: One coat of Optibond FL adhesive applied to the dentin with light 
brushing motion for 15 seconds (Figure 9).  
 Step 5: Adhesive light-cured using the 3M Elipar S10 LED Curing Light, (3M, St. 
Paul, MN) previously radiometer calibrated (Figures 10). 
 
 
 
 
 
 
Figure 7. Phosphoric Acid Application            Figure 8. Primer Application  
38%  (15 seconds)                                             (15 seconds) 
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Figure 9. Bonding Application    Figure 10. Light Curing 4th Generation 
(15 seconds)                                                      (15 seconds) 
 
G2:  
Immediate dentin sealing (IDS) + 5th generation (Optibond Solo Plus) + Indirect 
Composite Restoration Cementation Procedure. 
Step 1: Etch with 37.5% phosphoric acid gel (purple) (Kerr Corporation) for 15 
seconds (Figure 11).  
Step 2: Rinsed of specimens with tap water for 15 seconds and air drying for 5 
seconds, leaving a moist surface. 
Step 3: One coat of Optibond Solo Plus adhesive for 15 seconds using light 
brushing motion (Figure 12).  
Step 4: Adhesive light-cured using the 3M Elipar S10 LED Curing Light, 
previously radiometer calibrated (Figures 13). 
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Figure 11. Phosphoric Acid Application      Figure 12. Bonding Application  
(15 seconds)                                                           (15 second) 
 
 
 
 
 
 
 
 
Figure 13. Light curing 5th Generation (15 seconds) 
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G3:  
Delayed dentin sealing (DDS) + 4th generation (Optibond FL) + Indirect 
Composite Restoration Cementation.  
Procedure. 
Step 1: Etch with 38% phosphoric acid gel (blue) (PULPDENT, Watertown, MA) 
for 15 seconds (Figure 7). 
Step 2: Rinsed of specimens with tap water for 15 seconds and air drying for 5 
seconds, leaving a moist surface. 
Step 3: Application of Primer for 15 seconds and gently air-dried for 5 seconds 
(Figure 8).  
Step 4: One coat of Optibond FL adhesive applied to the dentin with light 
brushing motion for 15 seconds (Figure 9). 
Step 5: Adhesive light-cured using the 3M Elipar S10 LED Curing Light, (3M St. 
Paul, MN) previously radiometer calibrated (Figures 10). 
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G4:  
Delayed dentin sealing (DDS) + 5th generation (Optibond Solo Plus) + Indirect 
Composite Restoration Cementation. 
Procedure. 
Step 1: Etch with 37.5% phosphoric acid gel (purple) (Kerr Corporation) for 15 
seconds (Figure 11). 
Step 2: Rinsed of specimens with tap water for 15 seconds and air-drying for 5 
seconds, leaving a moist surface. 
Step 3: One coat of Optibond Solo Plus adhesive for 15 seconds using light 
brushing motion (Figure 12). 
Step 4: Adhesive light-cured using the 3M Elipar S10 LED Curing Light, 
previously radiometer calibrated (Figures 13). 
3.5 Restoration Cementation 
Following completion of the build-up and labeling of each specimen and bonding 
system application, all indirect resin composite restorations were cemented, using 
RELYX Luting Plus resin modified glass Ionomer cement (3M St. Paul, MN). The 
cement was dispensed and mixed immediately prior to use in order to avoid water 
evaporation and drying out of the cement pastes. Then using a metal cement spatula, 
the pastes were mixed together for 20 seconds until a uniform color was achieved, 
avoiding the incorporation of air bubbles. The application of a thin layer of cement to the 
surface of the restoration was done as well the cement also was applied directly to the 
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tooth surface. Seating of each restoration was done with light pressure and excess of 
the cement when it reached a waxy stage after 2 minutes from placement on the teeth 
(Figure 14). 
 
 
 
 
 
 
 
 
 
Figure 14. Final Restoration Cemented 
 
 
3.6 Sectioning and/or Cutting 
 
In order to evaluate the µTBS, an Isomet low speed with a diamond wafering 
blade saw, arbor size ½”(13 cm) was used. Specimens were sectioned parallel to their 
long axis into rods (approximately 1 X 1 x 10 mm); half of each rod consisted of 
composite resin and the other half of dentin. An average of 13 rods per tooth was 
obtained. An electronic digital caliper (Fisher Scientific, Pittsburgh, PA) was used to 
measure the cross-sectional area of the dentin-composite interface (Figure 15). 
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Figure 15. Specimens Sectioned Into Rods of Approximately 1 x 1 x 10 mm 
 
3.7 Microtensile Bond Testing  
The crowns were sectioned 1mm below the CEJ and discarded; each restored 
tooth were sectioned perpendicular to the bonded interface into 1mm x 1mm x 10mm 
beams66  by using a low speed diamond wafering blade (Buehler Series 15LC Diamond, 
Lake Bluff, IL, USA) under profuse irrigation. The beams were visually examined and 
subdivided in all different groups (n=10).  The mean microtensile bond strength of the 
beams originated from each tooth were used for statistical analysis. The cross-sectional 
area of each specimen was measured with a pair of digital calipers (Fisher Scientific, 
Pittsburgh, PA) to confirm adequate dimensions of the beams. For testing purposes, 
each beam were glued with a cyanoacrylate adhesive (Zapit Dental Ventures of 
America, Corona, CA) to a Ciucchi’s Jig,67 a device which consist of two stainless-steel 
components which slide away from each other when the apparatus is subjected to 
tensile force, thus pulling the specimen apart.68 This device were mounted on a 
universal testing machine (EZ Test, Shimazu, Kyoto, Japan) and will be subjected to 
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microtensile testing at a crosshead speed of 1mm/min. The values were expressed in 
MPa. The microtensile bond strength test was devised to be a more clinically relevant 
test. It is claimed that the test reduces the probability of crack initiation and propagation 
within individual specimens because of the small bonded area. Additionally, it produces 
less coefficient variation compared with the shear bond strength test.69  
 
 
 
 
 
Figure 16. Microtensile Bond Strength Test 
 
Data was collected using Microsoft Excel 2008 (Microsoft  Corporation, 
Redmond, WA, USA). 
 
  
 
 
 
 
 
 
Figure 17. µTBS Test. Rod In a Custom Notched Jig Before Fracture 
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3.8 Statistical Data Analysis 
All data was collected and recorded on an Excel spreadsheet. Descriptive 
statistics, means and standard deviations were calculated for all four groups of 
technique and bonding systems. In the first analysis, in order to look for the differences 
between microtensile bond strength a nested general linear model was created. All post 
hoc tests were carried out with a probability level set at α=0.05 for statistical 
significance.   
To examine differences between groups, using (Two Way ANOVA) was 
performed with the µTBS test as the dependent variable. A probability level set at 
α=0.05 for statistical significance. For both models the independent variables are: (1) 
the type of adhesive system (three-step etch and rinse versus two steps etch and rinse 
systems), (2) the two different adhesive techniques (IDS versus conventional-DDS). 
 
3.9 Teeth Disposal 
Tooth rods will be disposed following the Nova Southeastern University – NSU 
OSHA regulations, at the end of the study. They were placed in orange bags, 
autoclaved, and then removed by NSU biohazardous waste removal service. 
 
3.10 Biohazards 
 
 
Teeth and any items (plastics, gloves) that come into contact with the teeth were 
handled using an aseptic technique to prevent contamination.  The teeth were disposed 
of according to standard OSHA protocols for handling potentially biohazardous waste.  
They were placed in orange bags, autoclaved, and then removed by NSU biohazardous 
waste removal service. 
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Chapter 4: Results______________________________________________________ 
 
In order to evaluate the effect of the microtensile bond strength test between 
different dentin treatments namely Conventional and Immediate Dentin Sealing (IDS) 
and the two different etch and rinse adhesive systems (5th generation versus 4th 
generation), used for cementation of indirect composite restoration, a total of 40 teeth 
that provided 600 rods, resulting in a mean of about 15 rods per tooth were used.  The 
mean µTBS values and standard deviations for each experimental group are presented 
in the following Tables and Figures.  
To evaluate the bonding technique, the results are shown in Table I and Figure 
18 where the µTBS values of the experimental (Conventional and IDS) groups are 
reported. The mean µTBS varied from 10.85  ± 7.52 compared to 14.99 ± 11.93 MPa. 
The Conventional technique exhibited lower strength than the IDS, this difference being 
statistically significant  (p= 0.0100).  
 
Table 1. Descriptive Statistics by Technique (IDS vs. Conventional) µTBS 
Measured in MPa by Instron Machine. 
Technique N Mean SD Min Max P Value 
IDS 76 14.99 11.93 0.54 78.00 0.0100 
Conventional 80 10.85 7.52 0.83 35.80  
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Figure 18. µTBS Values of IDS vs. Conventional Techniques. 
 
The microtensile bond strength of the bonding systems Optibond Fl (4th 
generation) and Optibond Solo Plus (5th generation) to dentin are shown in Table 2 and 
Figure 19; the mean varied from 10.95 ± 7.68 compared to 14.89 ± 11.85, with the 
higher mean found with Optibond Solo Plus (5th generation). This difference was 
statistically significant (p = 0.0121). 
Table 2. Descriptive Statistics by Bonding System (4th vs. 5th generation) µTBS in 
MPa by Instron Machine. 
Bonding 
System 
N Mean SD Min Max P Value 
5th G 76 14.89 11.85 0.54 78.00 0.0121 
4th G 80 10.95 7.68 2.04 42.00  
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Figure 19. The µTBS Values by the Bonding Systems 4th vs. 5th Generation 
 
Table 3 and Figure 20 showed the µTBS values of IDS and Conventional 
restoration techniques to dentin in relation to the bonding groups (4th and 5th 
generation).  
The performance in the Conventional technique group during the test had the 
higher bond strength with a mean of 13.7 ± 8.30 compared to 8.63 ± 5.95 MPa, when 
combined with 5th generation and with 4th generation bonding system. However, this 
difference was statistically significant different (p = 0.0024). 
As seen in Table 3 bond strength was higher in the IDS group in combination with the 
Optibond Solo Plus 5th generation, having the highest mean of 16.9 ± 14.71 compared 
to 13.27 ± 8.54 MPa, (p = 0.1858) when compare to Optibond FL 4th generation.  
However, this difference was not statistically significant different (p = 0.1858). 
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Table 3. Bivariate Statistics Data of Technique by Bonding System ( 4th vs. 5th 
Generation) 
Technique Bonding 
System 
N Mean SD Min Max P Value 
Conventional 5th G 40 13.7 8.30 0.83 35.80  
Conventional 4th G 40 8.63 5.95 2.16 28.26  0.0024 
        
IDS 5th G 36 16.91 14.71 0.54 78.00  
IDS 4th G 40 13.27 8.54 2.04 42.02 0.1858 
        
 
 
 
Figure 20. Combination of Techniques and Bonding Systems 
 
 Table 4 show and analyze the mean difference of the Standard of Care which is 
the conventional technique with the used of the 4th generation bonding system versus 
the other groups. As seen by the p-values, all the 3 groups were better with higher bond 
strength than the standard of care group. 
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Table 4. Standard of Care versus Others 
 
Standard of Care 
  
Other Technique 
/Bonding 
 
Mean 
Difference 
 
Lower 
95% 
Difference 
 
Upper 95% 
Difference 
 
P-value 
Conventional + 4th G Vs. IDS + 5th G -8.63 -13.31 -3.24 0.0016 
Conventional + 4th G Vs. IDS + 4th G -4.64 -7.91 -1.36 0.0061 
Conventional + 4th G Vs. Conventional + 
5th G 
-5.07 -8.28 -1.85 0.0024 
 
Table 5 reports the mean difference for each experimental condition. Linear 
contrast were also conducted for technique IDS against Conventional and for bonding 
system 4th generation against 5th generation. A statistically significant mean difference 
was found between IDS and Conventional mean (mean difference = 4.24, 95% CI [1.15, 
7.33]), (p = 0.011).  Similarly a statistically significant mean difference was found 
between the 4th generation and 5th generation (mean difference 4.04, 95% CI [713, 
0.95], (p = 0.007). 
 
Table 5. Descriptive Statistics from Linear Contrasts 
Measure  Measure Mean 
Difference 
Lower 95% 
Difference 
Upper 95% 
Difference 
P-Value  
IDS vs. Conventional 4.24 1.15 7.33 p = 0.011 
5th 
Generation 
vs. 4th 
Generation 
4.04 7.13 0.95 p = 0.007 
 
 
A two-way ANOVA was used to test for differences in Megapascals. The fixed 
effects were bonding agent and technique, the interaction effect was bonding agent by 
technique. Significant main effects were found: technique (p< 0.007) and bonding 
system (p<0.010). No significant interaction effect was found for bonding agent by 
technique (p<0.797). Using eta squared as a measure of effect size, 4.6% of the 
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variability in MPa is accounted for by technique and 4.2% by bonding system. Less than 
1% by the interaction effect. We can conclude that the IDS technique using a 5th 
generation bonding system gives us the highest MPA, and the Conventional technique 
using a 4th generation process the lowest (Figures 17-19). 
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Chapter 5: Discussion___________________________________________________ 
 
 
Discussion 
 
The results of the present study using microtensile bond strength as the outcome 
strongly favor immediate dentin sealing (IDS) using Optibond Solo Plus 5th generation, 
confirming the validity of sealing dentin immediately, before making the final impression. 
Both the 4th generation etch-rinse and 5th generation etch-rinse adhesives showed  
good performance in terms of bond strength of the bonded interface when used with 
IDS technique with the 5th generation showing better performance compared to 4th 
generation. These adhesive systems are appropriate for IDS because of their ability to 
form a more hydrophobic resin coating. A main concept of the IDS approach is the 
development of an efficient resin adhesive to resin cement bond between the existing 
resin adhesive coating and the luting resin cement material.  
Only a few studies have evaluated the association between microtensile bond 
strength in relation to a bonding system and technique approach and our results are in 
agreement with these studies. Magne and  colleagues tested two different application 
modes of the same dentin-bonding agent, Optibond FL. A traditional method (dentin 
adhesive applied when proceeding to luting the veneer before the placement of the 
indirect restoration and cured through the porcelain) and an alternative method (dentin 
adhesive applied to dentin and cured before taking the impression for the veneer). The 
traditional dentin bonding agent (DBA) application method, with the luting composite 
was associated with bonding failures between the hybrid layer and the overlying resin.71 
The results of the current study can be compared with the study conducted by Magne 
and colleagues in 2007. For their study, fifty molars were used and divided into 10 
groups and a 3-step etch-and-rinse dentin bonding agent (DBA) (Optibond FL) and a 2-
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step self-etching (DBA) (SE Bond) were employed. For each dentin bonding  agent, the 
control specimens were prepared using a direct immediate bonding technique and 
composite restoration (Z100). Preparation of the other specimens, an indirect approach 
without dentin prebonding (delayed dentin sealing, DDS) or with immediate dentin 
sealing (IDS), immediately following preparation. IDS teeth had provisional restorations 
(Tempfil inlay) placed for 2 weeks (IDS-2W), 7 weeks (IDS-7W), or 12 weeks (IDS-12W) 
before restoration placement. The Table 6 below presents some of their results. 
As seen, the results of the delayed dentin sealing (DDS) which is a conventional 
technique combined with the etch and rinse bonding system, (4th generation, Optibond 
FL), generated the lower value of 11.58 ± 11.19 MPa. Similarly with the 6th generation 
Clearfil SE Bond of 1.81 ± 2.22 MPa when compared to the IDS techniques as see in 
the Table 6. These results are comparable to our study where the values for the 
conventional technique were lower than IDS technique when used with 4th generation 
Optibond FL (8.63 ± 5.95 MPa) and when used with the 5th generation Optibond Solo 
Plus (13.7 ± 8.30 MPa). 
 
Table 6. Magne et al. Mean (SD) µTBS (MPa) of Optibond FL/Clearfil SE Bond 
Dentin 
Bonding 
System 
Control DDS IDS-2W IDS-7W IDS-12W 
Optibond FL 55.06 ± 6.69 11.58 ± 11.19 58.25 ± 3.29 66.59 ± 8.41 59.11 ± 3.44 
Clearfil SE 
Bond 
 
54.75 ± 7.69 1.81 ± 2.22 
 
55.14 ± 4.78 51.96 ± 5.38 45.75 ± 8.35 
Magne P, So W, Cascione D. Immediate dentin sealing supports delayed restoration 
placement. J Prosthet Dent. 2007;98(3):166-74. 
 
Our results are also in agreement with those reported by Choi and Cho who 
compared prepared teeth for indirect ceramic restoration. Group 1 (control group: 
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surface treated): porcelain samples were bonded to exposed dentinal surface, using 
Variolink II resin cement after tooth preparation. Group 2 and 3, used dentin bonding 
agent ClearfilTM SE Bond or AdapterTM Single Bond 2 applied on the prepared 
dentinal surface of each group, then porcelain restorations were cemented by Variolink 
II but Excite DSC was not light-cured at this moment. Group 4 had no dentinal surface 
treatment at all and thermo-cycled 500 times like in group 2 and 3. Variolink II was used 
for bonding without Excite DSC light curing. Shear bond strength was compared in this 
study. As seen in the Table 7 that presents data from Choi and Cho, the IDS technique 
had higher shear bond strength when compared with DDS.72 
 
Table 7. Choi YS and Cho IH. µTBS result table of Shear Bond Strength 
 Group Mean SD N 
1 Control 14.86 3.40 10 
2 IDS, SE 11.18 4.75 10 
3 IDS, SB 4.11 2.82 10 
4 DDS 3.14 1.47 10 
Choi YS, Cho IH. An effect of immediate dentin sealing on the shear bond strength  
of resin cement to porcelain restoration. J Adv Prosthodont 2010;2(2):39-45 
 
 
Efficiency and time are also two important concepts to take into consideration. 
The conventional technique takes more time over the IDS. The 4th generation takes 
more time. Therefore based on these results the use of the 4th generation bonding 
system and conventional technique can no longer be recommended taking into account 
aspects as the time and costs. However before a final conclusion is drawn these results 
need to be repeated. 
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5.1 Limitations of the Study 
The methodology used in this study provides a viable technique to evaluate 
many aspects of µTBS including characteristics of bonding systems as well as 
restorative approaches. However there are limitations to this study. First, this is in an in-
vitro attempt to replicate and predict responses that has in vivo implication. Second, the 
indirect restorations were made directly on the specimens rather than on a cast as is 
usually the clinical procedure. This may generate variations on the dentin complex 
structure and different characteristics within a tooth. Additionally the generalized 
generalizability of these results are limited. The current results are applicable only to the 
Optibond products by Kerr. However, studies by other researchers using Clearfil 
products  showed similar results.  
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Chapter 6: Conclusions_________________________________________________ 
Within the limitations of our study, we concluded that:  
There is as seen a difference in the µTBS values between the two different 
dentin treatments techniques used for indirect composite restoration cementation: 
namely Immediate Dentin Sealing (IDS) and conventional. The immediate dentin 
sealing (IDS) performed better than the conventional. 
There is as seen a difference in the µTBS values of indirect composite restoration to 
dentin when using two different dentin bonding systems (4th and 5th generation). The 5th 
generation bonding system performed better than the 4th generation bonding system. 
Restorative approach or technique immediate dentin sealing (IDS) versus conventional 
will increase significantly the bond strength of the dentin to indirect composite 
restorations of the tested adhesive systems. 
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APPENDICES 
Appendix A: Adhesive systems and composite used: Lot, Ref, Expiration, 
Manufacturer’s Directions and Components 
 
 
Product 
 
 
Ref. 
 
 
Lot 
 
 
Expiration 
 
Manufacturer’s Instructions 
for Use 
 
Components 
 
 
 
Optibond Fl 
4th Generation 
 
 
 
 
33352 
 
 
 
 
4774741 
 
 
 
2014-11 
Etch:  
Apply etchant to enamel and 
dentin 15 seconds (37.5% 
phosphoric acid) for 15 
seconds. 
Rinse thoroughly for 15 
seconds. Air dry for 3 
seconds. Do not desiccate. 
Prime:  
Apply prime with light 
brushing motion for 15 
seconds. Air dry for 5 
seconds.  
Bond:  
Using same applicator, apply 
ADHESIVE with light 
brushing motion for 15 
seconds. Air thin for 3 
seconds. Light cure for 20 
seconds 
Adhesive 
 
Uncured Methacrylate Ester 
 
Monomers Triethylene Glycol 
 
Dimethacrylate Ytterbium Trifluoride  
 
 
Optibond Solo Plus 
5th Generation 
 
 
 
29682 
 
 
4768526 
 
2014-12 
 
 
Etch:  
Etch enamel and dentin for 
15 
seconds.  
Bond:  
Apply Optibond Solo Plus for 
15 seconds using light 
brushing motion. Air thin for 3 
seconds. Avoid pooling. Light 
Cure. 
 
Adhesive 
 
Ethyl Alcohol 
 
Alkyl Dimethacrylate Resin 
 
Barium Aluminuborosilicate glass 
 
Fumed Silica (silicon dioxide) 
 
Sodium Hexafluorosilicate 
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Appendix B: Raw Data Experimental Group 1 
 
Group MPa Technique Bonding System 
1 20.52 IDS 4th Generation 
2 11.78 IDS 4th Generation 
3 3.95 IDS 4th Generation 
4 24.01 IDS 4th Generation 
5 19 IDS 4th Generation 
6 13.05 IDS 4th Generation 
7 17.33 IDS 4th Generation 
8 6.52 IDS 4th Generation 
9 7.79 IDS 4th Generation 
10 5.41 IDS 4th Generation 
11 17.39 IDS 4th Generation 
12 14.56 IDS 4th Generation 
13 12.76 IDS 4th Generation 
14 23.8 IDS 4th Generation 
15 10.92 IDS 4th Generation 
16 6.37 IDS 4th Generation 
17 10.6 IDS 4th Generation 
18 9.18 IDS 4th Generation 
19 42 IDS 4th Generation 
20 32.41 IDS 4th Generation 
21 3.58 IDS 4th Generation 
22 12.81 IDS 4th Generation 
23 9.51 IDS 4th Generation 
24 9.28 IDS 4th Generation 
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           25 17.52 IDS 4th Generation 
26 27.95 IDS 4th Generation 
27 24.13 IDS 4th Generation 
28 2.42 IDS 4th Generation 
29 13.04 IDS 4th Generation 
30 6.25 IDS 4th Generation 
31 18.54 IDS 4th Generation 
32 11.94 IDS 4th Generation 
33 6.01 IDS 4th Generation 
34 4.94 IDS 4th Generation 
35 5.22 IDS 4th Generation 
36 11.7 IDS 4th Generation 
37 11.28 IDS 4th Generation 
38 13.19 IDS 4th Generation 
39 2.04 IDS 4th Generation 
40 10.2 IDS 4th Generation 
 
Appendix B: Raw Data Experimental Group 2 
 
Group MPa Technique Bonding System 
1 7.51 IDS 
5th Generation 
2 
2.89 
IDS 
5th Generation 
3 
10.85 
IDS 
5th Generation 
4 
17.67 
IDS 
5th Generation 
5 
24.63 
IDS 
5th Generation 
6 
15.23 
IDS 
5th Generation 
7 
32.25 
IDS 
5th Generation 
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8 
26.61 
IDS 
5th Generation 
9 
12.08 
IDS 
5th Generation 
10 
20.92 
IDS 
5th Generation 
11 
36.98 
IDS 
5th Generation 
12 
12.14 
IDS 
5th Generation 
13 
3.51 
IDS 
5th Generation 
14 
8.55 
IDS 
5th Generation 
15 
23.65 
IDS 
5th Generation 
16 
2.01 
IDS 
5th Generation 
17 
30.67 
IDS 
5th Generation 
18 
6.22 
IDS 
5th Generation 
19 
0.54 
IDS 
5th Generation 
20 
78 
IDS 
5th Generation 
21 
5.14 
IDS 
5th Generation 
22 
4.8 
IDS 
5th Generation 
23 
5.56 
IDS 
5th Generation 
24 
14.96 
IDS 
5th Generation 
25 
27.74 
IDS 
5th Generation 
26 
31.91 
IDS 
5th Generation 
27 
19.38 
IDS 
5th Generation 
28 
5.44 
IDS 
5th Generation 
29 
29.76 
IDS 
5th Generation 
30 
2.05 
IDS 
5th Generation 
31 
9.23 
IDS 
4th Generation 
32 
5.82 
IDS 
5th Generation 
33 
14.56 
IDS 
5th Generation 
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34 
20.27 
IDS 
5th Generation 
35 
25.84 
IDS 
5th Generation 
36 
13.31 
IDS 
5th Generation 
37 
  
IDS 
5th Generation 
38 
  
IDS 
5th Generation 
39 
  
IDS 
5th Generation 
40 
  
IDS 
5th Generation 
 
Appendix C: Raw Data Experimental Group 3 
Group MPa Technique Bonding System 
1 10.58 Conventional 
4th Generation 
2 2.42 Conventional 
4th Generation 
3 2.2 Conventional 
4th Generation 
4 12.13 Conventional 
4th Generation 
5 3.35 Conventional 
4th Generation 
6 7.34 Conventional 
4th Generation 
7 14.28 Conventional 
4th Generation 
8 7.61 Conventional 
4th Generation 
9 3 Conventional 
4th Generation 
10 7.47 Conventional 
4th Generation 
11 4.57 Conventional 
4th Generation 
12 8.02 Conventional 
4th Generation 
13 7.1 Conventional 
4th Generation 
14 2.16 Conventional 
4th Generation 
15 17.37 Conventional 
4th Generation 
16 10.5 Conventional 
4th Generation 
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17 6.08 Conventional 
4th Generation 
18 6.29 Conventional 
4th Generation 
19 9.47 Conventional 
4th Generation 
20 2.31 Conventional 
4th Generation 
21 8.04 Conventional 
4th Generation 
22 16.63 Conventional 
4th Generation 
23 11.63 Conventional 
4th Generation 
24 2.76 Conventional 
4th Generation 
25 5.28 Conventional 4
th Generation 
26 4.32 Conventional 4
th Generation 
27 9.43 Conventional 4
th Generation 
28 3.99 Conventional 4
th Generation 
29 14.05 Conventional 4
th Generation 
30 11.53 Conventional 4
th Generation 
31 2.38 Conventional 4
th Generation 
32 3.06 Conventional 4
th Generation 
33 16.21 Conventional 4
th Generation 
34 5.49 Conventional 4
th Generation 
35 28.26 Conventional 4
th Generation 
36 2.61 Conventional 4
th Generation 
37 19.9 Conventional 4
th Generation 
38 5.87 Conventional 4
th Generation 
39 18.74 Conventional 4th Generation 
40 10.69 Conventional 4th Generation 
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Appendix D: Raw Data Experimental Group 4.  
Group MPa Technique Bonding System 
1 12.33 Conventional 
5th Generation 
2 
10.44 
Conventional 
5th Generation 
3 
6.52 
Conventional 
5th Generation 
4 
9.85 
Conventional 
5th Generation 
5 
19.44 
Conventional 
5th Generation 
6 
12.91 
Conventional 
5th Generation 
7 
9.2 
Conventional 
5th Generation 
8 
2.34 
Conventional 
5th Generation 
9 
10.15 
Conventional 
5th Generation 
10 
9.66 
Conventional 
5th Generation 
11 
27 
Conventional 
5th Generation 
12 
6.5 
Conventional 
5th Generation 
13 
8.38 
Conventional 
5th Generation 
14 
31.31 
Conventional 
5th Generation 
15 
6.15 
Conventional 
5th Generation 
16 
14.59 
Conventional 
5th Generation 
17 
23.53 
Conventional 
5th Generation 
18 
8.61 
Conventional 
5th Generation 
19 
23.94 
Conventional 
5th Generation 
20 
3.26 
Conventional 
5th Generation 
21 
5.03 
Conventional 
5th Generation 
22 
9.84 
Conventional 
5th Generation 
23 
25.23 
Conventional 
5th Generation 
24 
12.52 
Conventional 
5th Generation 
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25 
11.38 Conventional 5th Generation 
26 
3.57 Conventional 5th Generation 
27 
15.5 Conventional 5th Generation 
28 
12.27 Conventional 5th Generation 
29 
13.43 Conventional 5th Generation 
30 
35.8 Conventional 5th Generation 
31 
8.11 Conventional 4th Generation 
32 
17.97 Conventional 5th Generation 
33 
6.47 Conventional 5th Generation 
34 
4.52 Conventional 5th Generation 
35 
0.83 Conventional 5th Generation 
36 
8.66 Conventional 5th Generation 
37 
14.78 Conventional 5th Generation 
38 
27.19 Conventional 5th Generation 
39 
21.42 Conventional 5th Generation 
40 
11.38 Conventional 5th Generation 
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